Abstract-In this work, flow analysis and drag forces of spikes of crops are investigated. A control volume is constructed to calculate drag forces and coefficients of spikes of wheats (Triticum durum, Triticum aestivum) for various velocities. In addition, drag forces corresponding to different orientation angles are determined for spikes of bread wheats. Spikes without awns are drawn using UNIGRAPHICS program in order to computationally analyze the flow. The drawings are inserted into ANSYS ICEM-CFD program and drag forces and coefficients are determined.
INTRODUCTION
Biomimetics is a branch of science to understand the complex designs in nature and to possibly transform the determined principles to the technological products. Mimicking nature definitely improved our design concepts in recent years. Investigating flight of insects which employ turbulent flow for their benefit improved our understanding of designing new flying objects and their maneuverability. Examining the surface of lotus enabled us to design new self cleaning surfaces. The special design of wings of owl may inspire design of silent aircrafts in the future.
In this study, flow analysis of spikes of wheat is investigated. Drag forces and drag coefficients are calculated for various velocities. Effect of complex geometry of spikes on the flow is examined. Studies are conducted numerically. Streamlines around the spikes without awns are determined. First, a solid model of the spikes without awns are drawn using UNIGRAPHICS program. The solid model is then replaced in a control volume in ANSYS ICEM-CFD program. The flow analysis is conducted for various inlet velocities. The orientation angle of the spike is then changed and the analysis is repeated for different angles of attack.
Some of the relevant work will be briefly mentioned: The mechanisms by which a porous windbreak modifies airflow, microclimates and hence crop yields are addressed, based upon recent wind tunnel experiments, field observations and numerical modelling [1] . A new measurement technique based on image correlation was presented to capture the wind-induced motions of crop canopies [2] . Fundamental nature of the wheat lodging process was investigated for developing a theoretical model of the lodging process [3] . Mechanisms by which wind directly affects crop growth rates and hence yields were reviewed [4] . The aerodynamic forces on the grain-bearing spike of five varieties of wheat, chosen for varying wind tolerance were measured [5] . Low pressure pneumatic conveyor was designed and manufactured and conveying characteristics of the seeds of wheat, barley, sunflower and lentil were determined [6] . A coupled fluid-structure model is proposed to study the dynamics of a flexible crop canopy exposed to wind [7] .
MATERIALS AND METHODS

Materials
A control volume with dimensions 0.15x0.1x0.05 m is selected in ANSYS WORKBENCH program. Durum and bread wheats without awns are drawn in UNIGRAPHICS program and replaced into this control volume. Drag forces are calculated for air flow inside the control volume. The drawings are given in Figure 1 .
With reference to the drawings, two different bread wheat spikes and one durum wheat spike are taken. The dimensions of the spikes are given in table 1. 
Methods
The control volume used in the analysis is given in Figure 2 . Table 2 . These values correspond to June data of Celal Bayar University Muradiye Campus. 
RESULTS
Two different bread wheat spikes of e1 and e2 are used and for air flows of 5 m/s, 8 m/s, 11 m/s, 13.5 m/s, 15 m/s, 20 m/s, drag forces and drag coefficients are calculated using ANSYS ICEM CFX. Results are given in Table 3 . Table 3 . Drag forces and drag coefficients for bread wheat spikes Drag force is calculated using the below formula Drag forces and drag coefficients are calculated for the durum wheat spike next. Results are given in Table 4 . The average drag coefficient for spike of durum wheat is calculated to be C d ≈ 0.42. The equivalent average diameter is taken as 14.72 mm. Streamlines for durum wheat spike is shown in Figure 4 . As in the case of bread wheat spikes, eddy formation is observed at the back of the spike. Around side surface, observable eddies are not formed. Results are given in Table 5 for different orientation angles. 
DISCUSSIONS AND CONCLUSIONS
With the analysis, drag forces and drag coefficients of bread and durum wheat spikes are determined. Flow around the spikes is also analyzed to investigate the streamlines and eddies.
In Figure 8 , drag forces versus velocities are given for bread and durum wheat spikes. Drag forces increase with velocity as expected. The increase rate is maximum for bread wheat e2. Increase in drag force is greater for e2 compared to e1 as given in Table 6 . The increase rate is in between for durum wheat spikes. Differences in drag forces stem from different aerodynamic structures of the spikes.
Drag coefficients of bread wheat spikes e1 and e2 are found on average to be 0.879 (Table 3 ). In contrast, for durum wheat spike m1, the average value is 0.419 (Table 4) . One may conclude that aerodynamic design of durum wheat spike is better than bread wheat spikes. Seeds forming the spike are more flat and rounded for durum wheat which increases the aerodynamic efficiency (Figure 4) . Larger eddies are found in downstream of bread wheat as shown in Figure 3 .
As a general rule, as the velocity increases, drag forces increase and drag coefficients decreased.
Variation of drag forces and coefficients with orientation angles are given in Figures 9 and 10 respectively for flow velocity of 13.5 m/s for bread wheat spike. Figure 5 ). Understanding the aerodynamic principles inherent in spikes of crops which are subject to high wind loads, we can design aerodynamically better slender bodies.
